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yields a hot condensed liquid melt rich in ammonium car 
bamate at a temperature generally in the range of 150 C. 
to 220° C., which is removed from the lower portion of 
the shell of unit 15 via stream 17 and combined with 
stream 8 to form stream 18, which is passed to urea Syn 
thesis in autoclave or reactor 19, in which a pressure typi 
cally in the range of 150 kg./sq. cm. to 350 kg./sq. cm. 
and a temperature typically in the range of 150 C. and 
220° C. are maintained, to attain urea synthesis by the 
dehydration of ammonium carbamate. An overall molar 
ratio of total free and combined ammonia to combined 
carbon dioxide in the range of 2:1 to 6:1 is maintained 
within unit 19, and the resultant urea synthesis effluent 
stream 20 discharged from unit 19 at a pressure in the 
range of 150 kg./sq. cm. to 350 kg./sq., cm. is a melt 
which principally contains urea, unconverted ammonium 
carbamate, excess ammonia and water. 

Stream 20 is passed through pressure reducing valve 21, 
and the resulting stream 22, now at a reduced pressure typi 
cally in the range of 35 kg./sq. cm. to 140 kg./sq. cm., 
contains a spontaneously evolved mixed gaseous phase, 
which is removed from the liquid synthesis effluent by 
passing stream 22 into the gas-liquid separator 23. Unit 
23 is a baffled or cyclonic unit of conventional design 
for the separation of gaseous and liquid phases from a 
mixed fluid stream. The separated liquid phase is removed 
from unit 23 via stream 24, which principally contains 
product urea, water, ammonium carbamate and excess 
ammonia. Stream 24 is now processed in accordance with 
the present invention, to decompose and remove most of 
the contained ammonium carbamate. 

Stream 24 is passed into the upper end of unit 15 and 
flows downwards through the tubes of unit 15 and is 
heated by indirect heat exchange with the process streams 
5 and 16 which are reacting in the shell of unit 15 as de 
scribed supra. The heating of stream 24 in the tubes of unit 
15 attains ammonium carbamate decomposition, and usu 
ally a major portion of between 50% to 90% of the am 
monium carbamate originally present in stream 24 is de 
composed in the tubes of unit 15, to generate a mixed off 
gas. The tubes of unit 15 are generally vertically oriented, 
so that the liquid phase stream 24 flows down the walls of 
the tubes as thin liquid or falling films, and the evolved 
off-gas rises through the tubes of unit 15 countercurrent to 
the downflowing liquid phase. A hot intermediate pressure 
mixed off-gas stream 25 is concomitantly admitted into the 
lower end of unit 15 and rises through the tubes of unit 15. 
Stream 25 is a mixed off-gas at a pressure in the range of 
35 kg./sq. cm. to 140 kg./sq. cm. and rich in carbon di 
oxide, and the rising gas phase in the tubes of unit 15 
serves to strip ammonium carbamate from the downflow 
ing liquid phase. A heated and stripped residual liquid 
phase is collected in the bottom of unit 15 and removed 
via stream 26, which now principally consists of an aque 
ous urea solution containing a minor residual proportion 
of ammonium carbamate. 

Returning to the top of unit 15, a resultant mixed off 
gas containing ammonia, carbon dioxide and water vapor 
as well as entrained liquid droplets is removed from the 
top of unit 15 via stream 27, which passes to an entrain 
ment separator 28 which may be similar in configuration 
to unit 23. Unit 28 serves to remove the entrained liquid 
phase from stream 27, and the separated liquid is removed 
from unit 28 via stream 29, which is combined with stream 
26 to form stream 30. Liquid stream 30 containing prod 
uct urea in aqueous solution is now processed in any 
suitable manner to decompose residual ammonium car 
bamate and produce a low pressure mixed off-gas and 
product aqueous urea solution. 

Stream 30 is typically passed through pressure reducing 
valve 31 to produce stream 32 at a reduced pressure 
typically in the range of 3 kg./sq. cm. to 30 kg./sq. cm. 
Stream 32 is heated in decomposer 33 by heat exchange 
with steam stream 34 which is thereby condensed and re 
moved from unit 33 as condensate stream 35. The resultant 
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4 
heated process stream 36, now containing an evolved 
mixed off-gas phase, passes to separator 37 which is gen 
erally similar in configuration to unit 23. The separated liq 
uid phase is removed via stream 38, which now consists of 
an aqueous urea solution containing minor residual propor 
tions of ammonia and carbon dioxide. Stream 38 is now 
processed by means not shown, to produce product urea 
solution or solid urea by evaporative concentration fol 
lowed by crystallization, prilling, or the like. 
A low pressure mixed off-gas stream 39 is removed from 

separator 37, and stream 39 is combined with feed carbon 
dioxide stream 40 to form mixed off-gas stream 41 rich in 
carbon dioxide, which is compressed in gas compressor 
42 to form stream 25. Unit 42 preferably consists of a 
substantially adiabatic type of centrifugal compressor, 
and stream 25 is discharged from unit 42 at a pressure 
in the range of 35 kg./sq cm. to 140 kg./sq. cm. and tem 
perature in the range of 100° C. to 220 C. Stream 25 
typically contains, in volume percent, about 40% to 80% 
carbon dioxide, balance ammonia and water vapor. 

Returning to separator unit 23, the mixed off-gas stream 
43 rich in ammonia is removed from unit 23 at a pres 
sure in the range of 35 kg./sq. cm. to 140 kg./sq. cm. and 
passed through pressure reducing control valve 44. The gas 
stream 45 discharged from valve 44 is at a slightly lower 
presure than stream 43, a typical increment of pressure 
reduction being 1 kg./sq. cm. to 2 kg./sq. cm. Stream 45 
is combined with the mixed off-gas stream 46 discharged 
from separator 28. Stream 46 is rich in carbon dioxide, 
and the resultant combined mixed off-gas stream 47 formed 
by the combination of streams 45 and 46 also is high in 
carbon dioxide content derived originally from stream 40. 
Stream 47 is compressed to urea synthesis pressure in com 
presser 48, which is generally similar in configuration to 
unit 42. The hot compressed mixed gaseous stream 49 
discharged from unit 48 is typically at a pressure in the 
range of 150 kg./sq. cm. to 350 kg. /sq. cm. and a tem 
perature in the range of 100° C. to 220 C. Stream 49 is 
divided into streams 7 and 16, with the flow rate of stream 
7 generally being less than 50% of the flow rate of stream 
49. 
Numerous alternatives within the scope of the present 

invention will occur to those skilled in the art. The ranges 
of temperature and pressure enumerated supra constitute 
a preferred embodiment of the invention for optimum 
utilization of the procedural concepts of the invention, 
and the invention may be practiced outside of these ranges 
in suitable instances. Unit 6 and its function may be 
omitted in some instances, in which case all of stream 3 
would flow via stream 5 to unit 15 and all of stream 49 
would flow via stream 16 to unit 15. In some instances, 
stream 34 will be derived from stream 12. The separator 
unit 28 may be replaced in some cases by an internal en 
trainment separator within the upper end of unit 15, in 
which case stream 29 would be omitted, and all of stream 
27 would be directly combined with stream 45 to form 
stream 47. In instances when a low molar ratio of 
ammonia to carbon dioxide in unit 19 of less than about 
4:1 is provided, unit 23 and its function may be omitted, 
with all of stream 22 flowing via stream 24 and stream 47 
being derived solely from stream 46 or stream 27. Various 
pressure and level control valves and other control instru 
ments have been omitted from the description in the in 
terest of clarity, and these control instruments and means 
will be provided in practice of the invention in commercial 
facilities. More than two stages of ammonium carbamate 
decomposition at successively decreasing pressure levels 
may be provided in some cases, and the lower pressure 
decomposition stages may entail the provision of distilla 
tion columns with reboilers, vertically oriented heat ex 
change decomposers with upwardly flowing stripping gas 
rich in carbon dioxide and similar in composition to 
stream 41, etc. 
An example of industrial application of the process of 

the present invention will now be described, 
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Example 
The process of the present invention was applied to the 

design of a 1000 metric tons per day urea plant. Follow 
ing are the flow rates and operating conditions for princi 
pal process streams. 5 

6 
passed upwards within said passages whereby said 
synthesis effluent stream is stripped and said second 
mixed gas stream is combined with said first mixed 
gas stream, said reaction between the resulting re 
cycle mixed gas stream and ammonia feed stream 

Component flow rate, kg.jhr. 
Ab80Ute 

Tenp., preSSure, Carbon 
°C. kg. /sq. cm. Ammonia dioxide Water Urea Inerts 

38 22.2 24,062 ?? ?? ? - - - - - - - - - - - -? ? ? ? ? ? ? ? ? ? - - - - - - - - ? ? ? ? ? ? ? ? 
38 1.2 ------------ 31,702 -------------------- 73 
227 204 30, 400 56,500 6,780 -------- ?52 
93 204 30,500 25,400 19, 400 42,200 52 
17. 3.8 30,400 56, 500 6,780 -------- 52 
171 ?7?? 4,580 3,800 16, i80 42,200 52 
226 77?? 4,440 34,800 3,480 -------- 52 
59 8. 4,140 3,110 16,000 42, 200 - - - - - - - - 
27 1.2 4,440 34,800 3,480 -------- 52 
2. 8 133 722 i2,700 42, 200 ? ? ? ? ? ? ? ? 

In this example, 40% of each of streams 3 and 49 
passed to unit 6 via streams 4 and 7 respectively, and 
the remaining 60% of each of streams 3 and 49 passed 
to unit 15 via streams 5 and 16 respectively. The over 
all molar feed ratio of ammonia to carbon dioxide to 
urea synthesis was 2.5:1, reaction conditions in unit 19 
were 193 C. and 204 kg./sq. cm. and an equilibrium 
conversion percentage of 55% was attained. The shell 
side temperature in unit 5 was 193 C. and tube side 
temperature was 170° C. The shell side of unit 6 was 
also at a temperature of 193 C. and steam stream 12 
was generated at 4.56 kg./sq. cm. About 85% of the 
ammonium carbamate originally present in stream 24 
was removed in unit 15. Inert gases were removed from 
the system by purging and scrubbing of the purge gases 
with condensate water, during the processing of stream 32. 

I claim: 
1. In a urea synthesis process in which ammonia car 

bon dioxide and ammonium carbamate are reacted to 
produce a Synthesis effluent stream containing urea, am 
monium carbamate, free ammonia and water, the pressure 
of said urea synthesis effluent stream is reduced, said 
urea synthesis effluent stream is heated at reduced pres 
Sure in a first heat exchange zone to decompose ammo 
nium carbamate and form a first mixed gas stream, said 
first mixed gas stream is separated from a first residual 
liquid process stream, the pressure of said first residual 
liquid process stream is reduced, said first residual liquid 
process stream is heated at reduced pressure in a second 
heat exchange Zone to further decompose ammonium 
carbamate and form a second mixed gas stream, said 
second mixed gas stream is separated from a second 
residual liquid process stream, said second residual liquid 
process stream is processed to produce product urea, said 
second mixed gas stream is compressed to the pressure 
level of said first mixed gas stream, the compressed sec 
ond mixed gas stream is combined with said first mixed 
gas stream to form a combined mixed gas stream, and 
said combined mixed gas stream is compressed to urea 
Synthesis pressure to form said recycle mixed gas stream, 
the improvement which comprises 

(a) adding at least a portion of said carbon dioxide 
feed stream to said second mixed gas stream, where 
by a resulting second mixed gas stream of enriched 
carbon dioxide content is formed, 

(b) reacting at least a portion of the resulting recycle 
mixed gas stream with at least a portion of said 
ammonia feed stream, whereby ammonium carba 
mate is formed and heat is liberated, within said first 
heat exchange zone and in indirect heat exchange 
with said urea synthesis effluent stream, said first 
heat exchange Zone comprising a plurality of ver 
tically oriented passages, said urea synthesis effluent 
stream being passed downwards within said passages, 
Said compressed second mixed gas stream being 
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taking place external to said passges, whereby said 
passages are heated, and 

(c) passing the combined process stream formed by 
the mixing of said resulting recycle mixed gas stream 
with ammonia feed stream in accordance with step 
(b) to urea synthesis. 

2. The process of claim 1, in which a portion of said 
resulting recycle mixed gas stream is reacted With a por 
tion of said ammonia feed stream, whereby heat is 
liberated, in a third heat exchange Zone and in indirect 
heat exchange with liquid water, said liquid water being 
vaporized to steam, said steam is withdrawn from said 
third heat exchange zone, and the combined process 
stream formed by the mixing of said recycle mixed gas 
stream portion with said ammonia feed stream portion is 
passed to urea synthesis. 

3. The process of claim 1, in which urea synthesis is 
carried out at a pressure in the range of 150 kg./sq. cm. 
to 350 kg./sq. cm., the pressure of said urea synthesis 
effluent stream is reduced to the range of 35 kg./sq. cm. 
to 140 kg./sq. cm. prior to passing to said first heat 
exchange zone, and said first residual liquid process stream 
is heated in said second heat exchange zone at a pressure 
in the range of 3 kg./sq. cm. to 30 kg./sq. cm. 

4. The process of claim 1, in which said second mixed 
gas stream is compressed to the pressure level of said 
first mixed gas stream in a first substantially adiabatic 
compression means, and said combined mixed gas stream 
is compressed to urea synthesis to form said recycle mixed 
gas stream in a second substantially adiabatic compression 
aS 

5. The process of claim 1, in which said second residual 
liquid process stream consists essentially of aqueous urea 
solution. 

6. The process of claim 1, in which a first mixed off 
gas portion is evolved and separated from said urea 
synthesis effluent stream at reduced pressure, prior to the 
heating of said urea synthesis effluent stream in said first 
heat exchange zone, and said first mixed off-gas portion 
is added to said first mixed gas stream. 
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